for treating such cases by any particular method. All the children were of the white race, all being resident in the eastern part of central Scotland, coming from both urban and rural areas. They derive from a population of some 500,000 people, although this figure is only approximate, as the area served by the Centre has been modified during the period of this study. They represent, of course, only a tiny proportion of the cases of pulmonary tuberculosis in children in the area. Out of 208 cases admitted to the Children's Tuberculosis Unit in Dundee, only 11 were referred for surgery (Ritchie, personal communication) .
Classification of the cases has been based on the simple system propounded by Bentley, Grzybowski, and Benjamin (1954) . These authors found that on a clinical basis most cases could bz divided into two main types: (I) primary pulmonary tuberculosis; (II) chronic pulmonary tuberculosis. Primary pulmonary tuberculosis they subdivided into six groups.
Such terms as " post-primary," "epituberculosis," " reinfection type," and " tertiary type " were abandoned as having come to be used by different observers to describe too many diverse conditions. The term "chronic pulmonary tuberculosis" included all cases with the type of disease that is commonly encountered in adults, and for which such terms as " adult type," " reinfection type," " tertiary tuberculosis " are used.
This classification has been modified slightly for the purpose of the present series, as not all the subdivisions of primary pulmonary tuberculosis present indications for surgical treatment. The cases in this series were drawn mainly from these authors' Group 3 (primary pulmonary tuberculosis with lobar or segmental lesions) and Group 7 (chronic pulmonary tuberculosis).
The classification employed is thus as follows: "primary pulmonary tuberculosis " (a) with segmental or lobar lesions, (b) Table II. (a) WITH SEGMENTAL OR LOBAR LESIONS.-The nine cases in this group are summarized in Table  I . It will be observed that 10 operations were performed upon the nine children, viz., eight lobectomies, one exploratory thoracotomy, and one double segmental resection. There were two operative deaths, but no late deaths. Of the seven survivors, four have been followed for over a year; all obtained a good result. The three cases followed for shorter periods have all obtained a good immediate result.
The fatal outcome in Case 1 was due to cardiac arrest during the operation. In Case 2 the patient passed into status epilepticus 48 hours after the operation; there was no response to treatment. The patient was a known epileptic, having suffered characteristic major episodes for several years.
The courses of two typical cases in this group (Nos. 4 Cu"> - if necessary; but the pleural space was found obliterated by dense adhesions, many of which contained large blood vessels carrying anastomoses between the chest wall and pleura. Operation had to be abandoned because of the vascularity of the adhesions. Postoperatively a small haemothorax developed, and was dealt with by aspiration. In December, 1954, the preoperative picture was unchanged.
CHRONIC PULMONARY TUBERCULOSIS Fourteen patients were operated upon for various manifestations of this disease. The cases are summarized briefly in Table III DISCUSSION PRIMARY PULMONARY TUBERCULOSIS The role of surgery in the treatment of any disease should be securely based on a study of the pathology. This is no less true of primary pulmonary tuberculosis, but here unfortunately the pathology is by no means clear, and as a result clinical interpretations tend to be based on personal views. The available evidence has been ably marshalled by Rich (1951) .
At the present stage of our knowledge simple primary tuberculosis presents no indication for surgery. It is the complications which are of surgical interest. The focus in the lung may spread locally as a destructive caseous pneumonia, resulting in primary cavitation. One of the commonest complications, and the one of greatest surgical interest, is the appearance of a segmental or lobar lesion, first described by Eliasberg and Neuland in 1920 under the title of " epituberculous infiltra-
This type of lesion may involve one or more bronchopulmonary segments, the whole of a lobe, or occasionally a whole lung. There is general agreement (Rich, 1951 ; Adler and Richards, 1953; Bentley and others, 1954) (Daly, Brown, Lincoln, and Wilking, 1952; Valledor and Navarrete, 1952) . The appearances have been well described in detail by Podvinec and Erak (1951) , who have also drawn attention to the significance of reflex congestion and swelling of the bronchial mucosa in causing bronchial obstruction. The anatomy of the mediastinal lymph nodes and their response to primary tuberculous infection have been carefully investigated by Engel (1947) . He showed that the infection of the regional nodes draining the primary lung focus is of less account than the infection of the right tracheo-bronchial and bifurcation nodes which form a second line of defence. As a result of the anatomical disposition of these nodes the right main bronchus is particularly liable to compression and perforation.
These observations may be correlated with the experimental work on animals reviewed by Rich (1951) . He concluded that all three factors mentioned above, tuberculous pneumonia, non-tuberculous consolidation, and atelectasis, may be concerned in the production of bronchopulmonary lesions (" epituberculosis "), depending on the number of bacilli, living or dead, introduced into the bronchus by lymph-node perforation, and the degree of compression or internal obstruction of the bronchus. In the majority of cases atelectasis and non-tuberculous consolidation are probably the main factors. Some of the French authors believe that the non-tuberculous consolidation results from reflex exudation into the alveoli following disturbance to the nerves and vessels of the lung by the enlargement of the hilar glands (Jeune and others, 1952) agreement that symptomatic bronchiectasis usually follows lesions of the lower lobe, especially on the right side. In most of the reported studies the follow-up was not continued for more than a few years. The question of a connexion between anatomical bronchiectasis following primary pulmonary tuberculosis and symptomatic bronchiectasis in adult life has not been settled and requires more study. Brock (1950) described the so-called " middle lobe syndrome," a bronchostenosis and bronchiectasis of the middle lobe associated with evidence of previous tuberculosis of the hilar lymph nodes. Valledor and Navarrete (1952) after their extensive study believe that such a connexion probably exists.
Little has been published about the fate of the alveolar tissue of the affected segment. Contraction, fibrosis, and calcification are the main changes described. Adler and Richards (1953) studied the final radiographs of 66 cases with segmental lesions and concluded that 86% of these were left with residual collapse, collapseconsolidation, or atelectasis, involving at least one segment. Complete re-expansion seemed to be rare. Bentley and others (1954) , also from radiological evidence, concluded that the most frequent end-result is a greatly contracted scarred re-aerated segment. Giraud and Metras (1953) also observed this phenomenon, and described the "ferme l'eventail" as a radiological sign of irreversible damage to the affected segment. The experimental work of Burke (1940) would suggest that histologically the end-result would be fibrosis and occasional scattered healed tubercles. That this hypothesis is correct is suggested by some of the resection specimens in the present series (Cases 3, 4, 5, and 9), and in the series of Boyd and Wilkinson (1954) .
The experimental observation of Oppenheimer (1935) , that definite tuberculous tissue is often still present after radiological clearing, may be of surgical importance. Stevens (1952) has observed by routine guinea-pig inoculation of gastric contents that a high proportion of these cases with segmental lesions continue to produce tubercle bacilli over a long period. Dijkstra (1952) has demonstrated the same phenomenon by means of frequent sputum culture over prolonged periods, and has demonstrated that it may persist long after the associated bronchial lesions have completely healed.
Should lymph-node compression or perforation result in complete obstruction of either main bronchus, the resulting lesion may involve a whole lung. The end-result in such cases has been S described by Bentley and others (1954) as " chronic fibroid lung." The lung is destroyed by a large number of caseous foci resulting in gross contraction with bronchiectasis and sometimes cavitation. Severe symptomatic bronchiectasis often develops, and chronic pulmonary tuberculosis is liable to develop as puberty approaches. Many of the pneumonectomies recorded in children appear to have been done for lesions of this type (Botelho and others, 1951; Liaras and Houel, 1953) . Case 14 of the present series is a good example.
Pleural effusion is probably the commonest complication of primary pulmonary tuberculosis, arising either by direct involvement of the pleura by the primary lung focus or lymph node, or by haematogenous spread. The effusion reabsorbs within a few months, generally leaving no trace beyond pleural adhesions and slight pleural thickening. Bentley and others (1954) , however, in a study of 226 cases noted in a few instances considerable pleural thickening and contraction of the affected hemithorax.
On pathological grounds, therefore, indications for operation in primary pulmonary tuberculosis seem to arise in only a small proportion of cases in the following circumstances: (1) primary cavitation; (2) segmental or lobar lesions, where the disease process is a caseating tuberculous pneumonia, not responding to conservative treatment: (3) bronchial compression or perforation by mediastinal lymph nodes at an early stage, either where the bronchial obstruction in itself is causing severe symptoms or where the resulting pulmonary lesion may be regarded as still reversible; (4) disease of segmental or lobar extent due to involvement of main bronchi by pressure or erosion from enlarged lymph nodes, which has resulted in secondary infection and symptomatic bronchiectasis, either at an early or late stage; (5) similar changes to (4), which have reached the stage of contraction, fibrosis, and anatomical bronchiectasis, but are still causing symptoms or still excreting tubercle bacilli; (6) lesions involving a whole lung, at the late and irreversible stage of chronic fibroid lung; (7) pleural thickening after effusion, causing gross interference with the function of the affected lung.
Primary cavitation is a rare condition which should be treated exactly as a tuberculous cavity in the adult lung (Levine, 1953) . On this basis, should conservative measures fail to bring the condition under rapid control, removal of the cavity by resection would appear to be indicated. The treatment of adult cavitation by resection is now well established, and resection of primary cavities in children has given good results in the few cases which have come to operation (Rubin and Mishkin, 1952 Hutchison (1951) noted little benefit from the procedure, an opinion shared by Bentley and others (1954) , who observed no improvement in eight cases subjected to it. Vossschulte (1951) described a case of acute respiratory distress in a boy of 14, caused by perforation of tuberculous mediastinal lymph nodes into the lower end of the trachea. Conservative measures having failed, right thoracotomy was performed, and after division of the azygos vein a mass of tuberculous nodes was dissected out of the angle between the trachea and right upper lobe bronchus. The patient was completely relieved of his respiratory distress. Vossschulte drew attention to various operations of a similar type performed mostly on a mistaken diagnosis of mediastinal tumour, one as long ago as 1911. He suggested that operative removal of the nodes should be undertaken in all cases of perforation into the trachea and of opacity involving an entire lung. Dillwyn Thomas (1952) described 10 cases of hilar adenectomy performed without any other interference, as well as 27 cases where this procedure had been combined with resection of a lobe or segment. He gave few details of the criteria for selection of cases and little assessment of the results beyond describing these as satisfactory. Giraud and Mdtras (1953) Giraud and Metras (1953) encountered difficulty in preserving the bronchial arteries.
The development of symptomatic bronchiectasis after a segmental or lobar lesion is the clearest indication for operative intervention in primary pulmonary tuberculosis. The symptoms are of course due to secondary pyogenic infection, and, as stated above, this is comparatively uncommon. Dickey (1952) described two cases of this type treated by lobectomy, the affected lobe in each case being the left lower. The results were very satisfactory. In both cases the sputum, which had been positive, remained consistently negative after the operation. In the two cases in the present series (Cases 10 and 11), secondary infection supervened at an early stage. The result of lobectomy in one case was very good, but in the other (Case 11) the result was poor because of continued tuberculous activity in the mediastinal lymph nodes.
The operative removal of a pulmonary lesion which has reached the stage of contraction, fibrosis, and anatomical bronchiectasis depends not so much upon the pathological significance of these changes as upon the symptoms which are to be attributed to them. Most of the lesions of this type in the present series had reached this stage (Cases 3, 4, 5, and 9). Many patients with this type of lesion are clinically well, but some have symptoms. As already noted, Dickey (1952) described a case of this sort, and Bentley and others (1954) noted recurrent pneumonitis due to secondary infection in these scarred segments. In the present series the main symptom was persistent ill-health. In Case 3 this ill-health persisted six years after the onset of the segmental lesion. The improvement in health after lobectomy in all these cases was noteworthy. Boyd and Wilkinson (1954) report similar findings. The prolonged ill-health may be connected with the observation of Dijkstra (1952) that tubercle bacilli may be found persistently at this stage. This author described five cases of resection in late stages of primary pulmonary tuberculosis, the patients' ages ranging from 17 to 23 years. In one case the indication was primary cavitation. In two of the others persistent excretion of tubercle bacilli was proved to be due to a caseating primary focus within a segmental lesion. In one it was due to a lymph node perforating the middle lobe bronchus, and in the last case to stenosing tuberculous bronchitis affecting a single segmental bronchus. A relationship has been suggested (Bentley and others, 1954) between these "healed" segmental lesions and chronic pulmonary tuberculosis in later life. Were this to be proved, the case for resecting such lesions would be greatly strengthened. In the meantime the management of these cases rests on an indefinite and unsatisfactory basis.
Chronic fibroid lung might possibly be prevented by a wider application of lymph-node excision for relief of bronchial obstruction, but once developed it constitutes a clear indication for operation, usually in the form of pneumonectomy. The reported results of this procedure are uniformly good (Levitin and Zelman, 1950; Botelho and others, 1951 ; Liaras and Houel, 1953) . In the one case of pneumonectomy in the present series (Case 14) the result was also very good. In children the dead space in the hemithorax is rapidly obliterated and there is no respiratory disability. The one contraindication to pneumonectomy is the presence of a lesion in the other lung. Lowys and Joly (1951) pointed out that thoracoplasty has a place when this situation is met with in older children, provided that suppurating bronchiectasis has not developed. They employed eight-rib thoracoplasty in two children aged 12 and 13 years, with minimal resulting deformity. They emphasize the importance of preserving the transverse processes and of avoiding damage to the lateral vertebral muscles and ligaments.
I have found no record of decortication being employed to deal with the end-results of primary pleural effusion in children, but the operation has a well-established place in adults (Quinlan, Schaffner, and Hiltz, 1952; Semb, 1954) and there seem to be even more cogent reasons for its application to children. Impaired function of a lung means much to a growing child, and may result in considerable deformity of the thorax from asymmetrical development. Again, the operation would apply to only the small proportion of cases in which gross pleural thickening and contraction of the hemithorax were appearing. Both cases (Cases 13 and 15) attempted in this series failed, in one because of unexpected activity in the tuberculous process in the pleura, and in the other because of the degree of underlying lung damage. In more favourable cases good results might be obtained, as in adults.
The great practical difficulty in deciding upon the indications for surgical treatment in any particular case of primary pulmonary tuberculosis is that of correlating the clinical and radiological findings with the pathological stage of the disease. From the large numbers of cases which pursue a benign course those with certain unusual trends must be selected.
The clinical features of the disease are on the whole variable and unreliable. Continuous severe illness with a' bronchopulmonary lesion suggests a caseous tuberculous pneumonia. The presence of a characteristic, persistent, irritable cough similar in character to whooping-cough suggests bronchial perforation (Podvinec and Erak, 1951) . Symptomatic bronchiectasis is easily recognized. Persistent ill-health is usually the only presenting feature. Physical examination is of little help.
Assessment must depend mainly on serial radiological examinations. Primary cavitation is thus easily recognized. It is in the interpretation of segmental or lobar opacities that uncertainty reigns. Some authors, for example, Adler and Richards (1953) , claim that collapse, consolidation, and atelectasis can be distinguished radiologically at an early stage, depending on the area of the opacity compared with the estimated area of the normal segment or lobe. Others, for example, Bentley and others (1954) , find themselves unable to make this distinction and regard the radiological differences as due to differing stages of the disease process. The previous consideration of the mixed nature of the underlying pathology supports this view. Continental authors emphasize the significance of the Jakobson sign in indicating atelectasis. The appearance of contraction of the shadow with re-aeration indicates that healing has taken place, but the contraction (the " closing of the fan" of the French authors) indicates also irreversible damage to the lobe. The length of time required for re-aeration is very variable, but the process generally takes several months. As a working plan it is suggested that patients showing unaltered or increasing segmental opacity with continuing illness, and those showing contraction of the opacity, warrant further investigation by bronchoscopy and bronchography. Those at a late stage in ill-health, with or without much change in the radiograph, warrant bronchography and repeated cultures of sputum or gastric contents. Large opacities involving a whole lung may be taken to indicate obstruction and possible perforation of the main bronchus, and should warrant bronchoscopy and consideration of early surgical intervention.
Bronchoscopy and bronchography are required before operation on any segmental lesion, in order to determine the stage of the disease process; and in some cases the bronchoscope may have a therapeutic application. Giraud and Metras (1953) emphasize the necessity of using a tube and sound in performing bronchography in these cases so as to ensure that the contrast medium passes the bronchial obstruction. Tomography in these cases has pitfalls. In several of our cases cavitation in segmental lesions was confidently diagnosed by this method, but bronchography and examination of the resection specimens showed the " cavities" to be bronchiectatic in nature.
When operation has been decided upon it should be regarded as an exploratory procedure in the first instance, as advocated by Dillwyn Thomas (1952) . Only after direct study of the extent and relationship of the pulmonary and lymph-node lesions, with the knowledge of the stage of the disease gained by previous full investigation, is the surgeon in a position to decide on the best procedure, usually excision of lymph nodes or lobectomy or a combination of the two. It is to be remembered that the operation is one of election, not of absolute necessity, and technical difficulties should be approached accordingly.
CHRONIC PULMONARY TUBERCULOSIS
This disease is comparatively rare in childhood, but is of importance because of its severity and high mortality at this period of life (Bentley and others, 1954) . While primary pulmonary tuberculosis generally follows a benign course in children of school age, chronic pulmonary tuberculosis is generally progressive, with a serious prognosis. Bentley and others (1954) (Price, 1948; Widmer, 1952) .
The relation of the disease to primary infection remains in doubt. Rich (1951) concludes that both exogenous and endogenous reinfection can and do occur. Endogenous reinfection is believed to arise mainly from the persistence of viable tubercle bacilli in the mediastinal lymph-node component of the primary complex. In the present series, five of the 14 cases arose in close relation to a primary infection. Bentley and others (1954) suggested that lesions caused by primary infection, especially when situated in the vulnerable upper posterior parts of the lungs, may act as a starting-point for chronic pulmonary tuberculosis, provided that at the time when the individual reaches the period of susceptibility to this form of disease the lesions are still incompletely healed.
Cavitation is a prominent feature of chronic pulmonary tuberculosis in childhood and adolescence, and presents the main problem in the surgical treatment of the disease. Bentley and others (1954) observed cavitation in 55% of their moderately advanced cases and in 85% of their far advanced cases. These authors, however, point out that absence of cavitation does not imply a good prognosis, and that it should not carry much importance when decisions on surgical measures are being taken. No detailed studies oni the effect of chemotherapy in this group of cases appear to have been published, but the clinical impressions of experienced observers (Levine, 1953) suggest that it profoundly influences the course and prognosis of the disease. The experience of the present series indicates that chemotherapy, as in adults, controls the soft, spreading lesions, leaving residual cavitation to be dealt with by collapse therapy or surgery.
The surgical treatment of cavitation in childhood has long been recognized as a difficult problem. Holmes Sellors (1944) reviewed the then available methods and concluded that thoracoplasty was contraindicated because of the resulting scoliosis and deformity, and that extrapleural pneumothorax and Monaldi cavity drainage had met with only limited success.
Continental authors regard extrapleural pneumothorax as a valuable measure. Vojtek and Sery (1952) reported 41 operations for extrapleural pneumolysis in 37 patients under 16 years of age with cavitated disease. There were two deaths from haemorrhage, two cases of nonspecific empyema, and one of bronchopleural fistula. In all cases the cavity appeared radiologically closed; only two cases remained sputum positive. Speleostomy by the Maurer technique has had its advocates, but Catel (1952) The results of resection in the present series (seven lobectomies, one operative death, six good results after an average observation period of two years) support the view that resection is the procedure of choice in these children. As in all the other published reports, the results have been excellent from the point of view of pulmonary function. The impairment of respiratory function which is sometimes a disadvantage of resection in adults does not arise in children ; all reports agree that even pneumonectomy is well tolerated.
The clinical indications are similar to those in adults, but also include cavitation in the upper and posterior parts of an upper lobe of a type which in an adult might be treated by thoracoplasty. In two cases of the present series the indication for lobectomy was a " tuberculoma" which appeared to be spreading. Kassowitz (1954) claims that in children resection of pulmonary tuberculoma is not indicated, and that the lesion generally undergoes involution and radiological "cure " under chemotherapy. On the other hand, Schaffner, Quinlan, and Hiltz (1954) Baldry, Sumner, and Ward (1952) have shown that extrapleural pneumothorax in adults yields good results only in the limited number of cases where the lesion is confined to the upper lobe, is composed mainly of infiltration, and where any cavity is thin-walled and less than 3 cm. in diameter. In view of the results obtained by Vojtek and Sery (1952) there would seem to be a place for the operation in children with bilateral disease, but the indications should be confined to those stated by Baldry and others. In the present series the poor results were probably due to employing the operation for large cavities and dense residual lesions. The work of Lowell and Conklin (1953) suggests that bilateral resection might be employed in cases with bilateral lesions unsuitable for extrapleural pneumolysis.
The operation of intrapleural pneumolysis was used once in the present series, but the patient developed a tuberculous empyema. The results of Rudstrom and Hedvall (1952) 
